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PROLOGUE 


The aim of this bulletin is to provide information that can be used to eliminate injury or death from 
nitrogen oxide silo gases and to prevent economic loss from nitrate toxicity to animals. 


No statement in this bulletin is intended to imply that silos, silage, or nitrogen fertilization should 
be abandoned. The continued use of recommended fertilization and cropping practices is encouraged. 
The rates of fertilizer recommended for use on forage crops in New York give no cause for alarm. 

Because the possibility of danger exists, however, the simple precautions outlined, which involve no 
cost to the farmer, should be followed. 


A publication of the 
New York State College of Agriculture, 
a unit of the State University, 
at Cornell University, 
Ithaca, New York 
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Figure 1. The cause of the nitrate hazard. 
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Liberal quantities of nitrogen fertilizer can be used 
profitably on grass meadows and pastures in the North- 
east where a lack of soil nitrogen is the first limiting 
factor for forage production. A yield increase of about 
a ton of hay per acre can be expected in return for 50 
pounds of nitrogen fertilizer on timothy, orchardgrass, 
bromegrass, or quackgrass meadows.' In addition, a 
much better seasonal distribution of forage yield can 
be obtained through nitrogen fertilization of pastures; 
i.e., the mid-summer slump in pasture production can 
be remedied with nitrogen fertilization when the sup- 
ply of soil moisture is adequate, especially on orchard- 
grass. 

Along with the benefits from nitrogen fertilization 
of forage crops, however, certain hazards can exist. 
Only the farmer who is completely aware of the recom- 
mended rates of application and the problems accom- 
panying nitrogen fertilization can make safe and efh- 
cient use of nitrogen fertilizer. Nitrate is the form of 
nitrogen that is taken up from the soil in greatest 
quantity by plants. When fertilizers that supply nitrate 


Environmental Factors 

Chemical analyses of forage plants growing in New 
York over the past five years indicate that a small 
amount of nitrate (up to one-half of one percent of 
the dry matter) exists in practically all forages. High 
levels of nitrate (greater than one percent of the dry 
matter) are found in forage plants only under un- 
usual circumstances. 

Nitrate occasionally accumulates in forages because 
the nitrate content of the soil is unusually high. This 
may be caused by the release of nitrates from soil 
organic matter or manure, or by heavy applications of 
fertilizer (figure 1). Nitrate also may accumulate if the 


‘Kennedy, W. K. Nitrogen Fertilization of Meadows and Pas- 
tures; Cornell University Agricultural Experiment Station Bul- 
letin 935, 1958. 


NITRATES IN FORAGE CROPS AND SILAGE: 
Benefits, Hazards, Precautions 


R. F. CRAWFORD AND W. K. KENNEDY 


NITRATE ACCUMULATION IN FORAGES 


are added to soils, the nitrate is rapidly absorbed by 
growing crops, especially the forages. Ordinarily this 
nitrate is converted quickly to protein, but unusual 
conditions such as drought, or low light intensity con- 
tribute to the accumulation of nitrate in the growing 
plant. Furthermore, certain plant species and some 
plant parts tend to accumulate more nitrate than 
others. 

Excess nitrate in the forage can be a hazard in two 
major ways (figure 1): Nitrogen oxide gases that are 
deadly to humans and farm animals can be formed 
immediately after ensiling when nitrate is present in 
large quantities in the silage, and excessive concentra- 
tions of nitrate are injurious when fed to animals. 
Nitrate in the forage fed to ruminant animals can 
cause death if the nitrate is in extremely high concen- 
tration. Animal production losses such as abortion, or 
decrease in milk or meat production, may occur from 
nitrate in forage, but conclusive evidence is lacking. 

To aid the reader a short glossary is presented on 
page 15. 


conversion of nitrate to amino acids and plant protein 
is impaired (figure 1). This occurs during drought and 
during periods of low light intensity (cloudiness or 
shade). 


Influence of Rate, Date, and Source 
of Nitrogen Fertilization 

Rate of nitrogen fertilization. Even in those species 
that have a tendency to accumulate high levels of 
nitrate (oats is an example), very high concentrations 
of nitrate must be in the soil to cause more than a 
small quantity of nitrate to accumulate in the plant 
(figure 2). Except under droughty conditions oats used 
for pasture, hay or silage ordinarily can be fertilized 
with up to 75 pounds of nitrogen per acre without 
danger of excess nitrate. For safe levels of nitrate see 
figure 8. 
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Figure 2. The nitrate content of oats increases when nitro- 
gen fertilizer is applied. 


Date of nitrogen fertilization. The later the date 
of application of fertilizer, the higher will be the 
nitrate content of the forage at maturity. In practical 
terms, top-dressed fertilizer usually will cause a higher 
nitrate content of the forage at maturity than nitrogen 
fertilizer applied at planting. However, the date of 
nitrogen fertilization is much less important in influ- 
encing the nitrate content of the plant than the rate 
of nitrogen fertilization. Therefore, top dressing as a 
practice is not to be discouraged if it is applicable to 
good management of the crop being grown. 

Source of nitrogen fertilizer. The source of nitrogen 
fertilizer has only a small effect on the nitrate content 
of the forage. The rate of nitrogen fertilizer is much 
more important than the source. However, tests have 
shown slightly less nitrate in the forage that received 
urea when equal amounts of nitrogen fertilizer were 
applied as urea and as ammonium nitrate. The dif- 
ference is probably the result of a delay of two weeks 
or more in the conversion of all the urea in the soil 
to nitrate. 


One hundred pounds of potassium per acre in- 
creased the nitrate content of oats that were at an early 
stage of growth, but had no influence on the nitrate 
content when the oats were harvested for hay or silage. 


Influence of Drought 

Drought conditions have increased the concentration 
of nitrate in forages to toxic levels in Missouri, Iowa, 
Wisconsin, and Minnesota. Hanway? (1956) found that 
irrigated corn stalks contained only 0.46 percent ni- 
trate, but drought-stricken corn stalks contained 3.9 
percent nitrate. The greatest danger of nitrate accu- 
mulation can be expected, therefore, when drought 
strikes a crop growing on a soil high in nitrate. A high 
content of nitrate in the soil can result from heavy 
nitrogen fertilization, and possibly from very heavy 
applications of manure or on soils unusually high in 


organic matter. 


Influence of Light Intensity 

Light has a very dramatic effect on nitrate accumu- 
lation; low light intensity causes nitrates to accumu- 
late in plants (figure 1). This happens because the 
plant needs energy from sunlight to convert nitrates to 
amino acids and protein. A lack of sunlight, therefore, 
results in an accumulation of the nitrate taken up by 
the plant. 

In one experiment, the nitrate content of oats grow- 
ing in an outdoor sand culture increased as much as 
one percent in a single cloudy day. Continuous shade 
from May 14 to July 24 in 1956 caused very high nitrate 
contents (three to four percent) in oats growing in the 
field. On the farm, plants growing in continuous shade 
from trees could accumulate considerable quantities 
of nitrate, but these plants probably represent only a 
small part of the total dry matter from fields of har- 
vested forage. Therefore, shade is usually only a minor 
factor in the practical problem of nitrate accumu- 
lation. 


Factors Within the Plant 


In addition to the environmental conditions that 
influence the nitrate content of plants, several factors 
within the plant itself greatly influence its nitrate 
content. 


Species of Plant 

Some plant species convert nitrate to amino acids 
and protein more slowly than others. Even under fav- 
orable conditions these species contain significant 


*Hanway, J. Iowa State University (Personal Communication). 
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Table 1. Variation in nitrate content of crop species col- 


lected in the field near Ithaca, New York, 
in 1956 and 1957. 


Accumulators Non-Accumulators 


Oats Timothy 
Corn Bromegrass 
Wheat Orchardgrass 
Some weeds Alfalfa 


quantities of nitrate, and other species, under identical 
conditions, have essentially no nitrate present (table 1). 


Variety of Plant 

Both greenhouse and field experiments with several 
varieties of oats, wheat, barley, bromegrass and _ or- 
chardgrass have indicated that the difference in nitrate 
content between varieties can be even greater than 
between species. Future research may help in selecting 
varieties that are low in nitrate content. At present 
no change in recommendations of varieties is war- 
ranted, 


Part of the Plant 

Nitrates are taken up through the plant roots and 
moved up the stem to the leaves where conversion to 
protein occurs (figure 1). In the mature plant, the 
nitrate content of stems is usually higher than that of 
leaves (figure 3); the grain itself is very low in nitrate, 
but high in amino acids and protein. Grains, there- 
fore, probably would not cause nitrate injury to 
animals. 


Stage of Maturity of the Plant 

Under field conditions, the immature crop plant is 
usually higher in nitrate content than the mature 
plant (figure 2). This is probably the result of a dilu- 


THE HAZARDS OF 


Nitrogen Oxide Silo Gases Injurious 
to Humans and Animals 


Source of Injurious Gases 
In Wisconsin,® nitrogen gases were detected in ex- 
perimental silage in every case when nitrate was added 
or in which nitrate was naturally present (figure 4). 
It was concluded that conversion of the nitrate to ni- 
‘Peterson, W. H., Burris, R. H. and Niedermeier, R. P. Take 


Precautions Against Deadly Silo Gases. What's New In Farm Sci- 
ence; pp. 25-26; Wisc. Agr. Expt. Sta. Bul. 527, 1957. 
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Figure 3. The nitrate content of parts of oat plants when 
harvested for hay. 


tion of nitrate by a large increase in dry matter in the 
plant as it matures and by a depletion of nitrogen in 
the soil. When oats are grown in a nutrient solution 
with a constant supply of nitrate, the nitrate concen- 
tration in the plants does not change during the life 
cycle. If moisture is favorable during seedling devel- 
opment and severe drought occurs during later growth, 
it is possible that the mature crop plant (especially the 
stem) could be higher in nitrate than the immature 
plant. 


NITRATE IN FORAGE 


trite and then to nitrous acid was caused by denitri- 
fying bacteria in the silage, because bactericides such 
as chloroform and toluene stopped the formation of 
nitrogen oxide gases. This kind of research was initiat- 
ed at several experiment stations after nitrogen oxide 
gases had been reported, observed, and identified in 
silos on farms in Wisconsin, Minnesota, and Missouri. 
In 1959, silo gases that appeared to be nitrogen oxides 
were reported in New York State, and some New York 
farmers who breathed these gases required medical 
attention. 
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Figure 4. Nitrogen oxide gases poisonous to humans and 
farm animals are formed when nitrate is present in ensiled 
plants. 


Danger Period 

The development of and danger from silo gases oc- 
cur during the first few days after a forage high in 
nitrate is ensiled. Because these gases are heavier than 
air they will accumulate in the bottom of the air space 
in a tower silo; tend to flow down the unloading chute; 
and flow out the silo juice drain (figure 4). Therefore, 
a silo, silo chute, silo room, and any other area sur- 
rounding a silo, especially enclosed areas, can contain 
deadly concentrations of these gases. 

If they are present in extremely high concentration, 
two of the deadly gases may be recognized by their irri- 
tating odor and by their color: Nitrogen dioxide is 
reddish-brown; nitrogen tetroxide is yellow (figure 4). 
Nitric oxide is a colorless gas that may be present in 
deadly concentrations without being visibly detected. 


Injurious Effects on Humans 

The injurious nitrogen oxide gases can occur in ex- 
tremely high concentrations; 58,500 parts per million 
by volume of nitrogen dioxide was reported near a 
silo in Wisconsin. Industrial safety regulations set ten 
parts per million as a maximum tolerable level. It is 


apparent that a very deadly hazard exists for farm 
people and animals when forage high in nitrate is 
ensiled. 

Case histories from the University of Minnesota 
Medical School indicate that after inhaling irritating 
fumes in a silo, the patients became ill or died. Cough- 
ing, a sensation of choking, and severe weakness oc- 
curred immediately after exposure. In cases where per- 
sons survived the initial effects, there followed a two- 
to three-week period of apparent recovery, but, at the 
end of that period, coughing, chills, and other symp- 
toms again occurred. Except in one case, the patients 
became progressively worse and died. Because human 
life is at stake, and because only a few breaths of nitro- 
gen oxide gases may be deadly or cause permanent 
lung injury, it is extremely important that every pre- 
caution be taken to avoid this hazard. 


Injurious Effects on Farm Animals 

Injury of cattle from nitrogen oxide gases has been 
observed in lowa since 1953.4 An increased number of 
cases have been reported since this malady was recog- 
nized. The post-mortem findings on cattle indicate 
injury identical to that of humans poisoned by nitro- 
gen oxide gases. A similar case was observed in Penn- 
sylvania during 1959. 

In short, humans, cattle, chickens, dogs and other 
animals have been reported to be fatally poisoned by 
nitrogen oxide gases from silage. All animals are con- 
sidered susceptible to injury from nitrogen oxide gases. 


Precautions 

Because nitrogen oxide gases cause lung damage or 
death to humans and animals, it is essential to avoid 
the gases or to remove the gases by ventilation. De- 
tailed precautions are: 

Stay out of the silo and its vicinity immediately after 
filling and for the following two weeks. Fence the 
dangerous area to keep children and animals away for 
a two-week period. 

Ventilate the silo, silo chute, and surroundings by 
running the silo blower or other forced air ventilator 
for several minutes before going near or into the silo 
during the first two weeks after filling. Leave windows 
and doors of the silo room open for two weeks after 
filling. Leave silo doors above the silage level and roof 
doors open for two weeks after filling. Because the ni- 
trogen oxide gases are heavier than air, adequate venti- 


‘Seaton, V. A. Pulmonary adenomatosis in cattle produced by 
nitrogen dioxide poisoning. No. Amer. Vet. 38(4):109-111, 1957. 
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Figure 5. Methemoglobin is formed in ruminant animals from nitrite in the blood. 


lation around the base of the silo, especially near the 
silo drain and silo chute, should be provided during 
the danger period. This ventilation should be designed 
to carry gases away from the silo area and to prevent 
them from drifting to other areas where they may cause 
injury to humans or animals. 

Ventilate the silo area completely for a two-week 
period before opening the silo for feeding. Venti- 
lation can be accomplished by opening silo doors above 
the silage level, roof doors, doors and windows of the 
silage room, and removing a silo cover, if present. Use 
caution in removing silo covers because the gases could 
be retained under an air-tight silo cover. 

Leave the silo area immediately whenever a burn- 
ing, irritating or choking sensation is felt in the 
nose or throat. Call a doctor immediately when ex- 
posed to nitrogen oxide gases from silage. Medical 
treatment may prevent death and minimize injury. 


Nitrate in Forage Injurious to Animals 
Sources of Injury 


When the ruminant animal consumes forage con- 
taining nitrate, the bacteria present in the rumen 
change the nitrate to nitrite (figure 5). The nitrite is 
readily absorbed into the blood and is then capable 
of changing normal blood hemoglobin to a form called 
methemoglobin. Because the methemoglobin cannot 
transport oxygen from the lungs to the tissues, as nor- 
mal hemoglobin does, it is believed that the animal 
suffers from lack of oxygen and dies when oxygen in 
the tissues is largely depleted. In addition, there is evi- 
dence that nitrite in the blood causes dilation of blood 
vessels and a decrease in blood pressure.5 These symp- 
SHoltenius, Paul. Nitrite Poisoning in Sheep, with Special 


Reference to the Detoxification of Nitrite in the Rumen. Acta 
Agriculturae Scandinavica 7:113, 1957. 
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toms appear to affect the brain first, and may be the 
cause of death. There is also some evidence that abor- 
tion may occur from a lack of oxygen and yet the animals 


mother may survive. A decrease in milk or meat pro- dead 

duction has been suggested, but conclusive evidence is : 

100 - Estimated 
If the forage crop containing nitrate is mowed and 

left in the field, bacteria may form nitrite within 24 

hours after the forage becomes wet from rain, snow, 


or frost (figure 5). Animals have been observed to graze 
a mowed forage without harm; but after the forage 
: became wet, the same animals on the same forage be- 


came extremely ill or died.* Nitrite is about ten times 
Accurately 


established 
level 


as deadly as an equal quantity of nitrate.* 


Injurious Levels of Nitrate 


Lethal levels 

In attempting to estimate what level of nitrate can 
be present in forage without causing the death of cat- 
tle, several problems arise. First, the number of animals 
that will die at a given level of nitrate does not increase 
at a direct proportion to the level of nitrate (figure 6). Estimated /7 
There is a range of levels from no dose, or 0, to a maxi- 
mum safe dose, or LD, (see glossary) where no animals 
die. This level (Lethal Dose 0) is of practical impor- 
tance, because cattle will never die at a level of nitrate 
below LDp. It is impossible, however, to establish the 
level LD, with absolute certainty unless every single 


"Savage, Alfred. Nitrate Poisoning From Sugar Beet Tops. L . 
ogarithm of level 
Canad. Jour. Comparative Med. and Vet. Sci. 13:9-10, 1949. 9 


"Lewis, D. The Metabolism of Nitrate and Nitrite in the of nitrate 
Sheep. 1. The reduction of nitrate in the rumen of sheep. Bio- Figure 2 Technique for estimating lethal levels of nitrat 
chem. Jour. 48:175-180, 1951. LD, and LD, 


animal under all possible circumstances is tested. Nor 


' Percent of can the level at which all animals will die, Lethal Dose 
é a all animals dead 100 (LD, 9), be established with absolute certainty. It is 
:. 100 known that a tremendous variation in lethal dose oc- 
| curs between animals, and some species, such as sheep, 
appear to tolerate more nitrate than cattle. Therefore 
; + of animals 


the technique employed by the experimenter is to try 
3 to establish accurately the level of nitrate at which half 
‘ of the animals of the species being tested will live and 
half will die, Lethal Dose 50 (LD59). Then the levels 
LD, and LDj 9 can be estimated with a statistical 
method using the logarithm of the level of nitrate 
(figure 7). 

In 1940, the LD,, of nitrate for cattle was estimated 
at 15 grams of nitrate per 100 pounds of animal by 
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Figure 6. Veath of animals as the level of nitrate is 
increased. Wyoming workers who dosed nine calves with several 
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levels of potassium nitrate through a stomach tube. 
This technique placed all of the nitrate in the rumen 
instantaneously. Then calculations were made that in- 
ferred that a quantity of nitrate present in forage 
would cause the same level (LD59) as an equal quan- 
tity of nitrate administered through a stomach tube. 

Recent experiments at Cornell showed that no death 
of dairy cattle occurred and only a slight quantity of 
methemoglobin was formed when nitrate present in 
forage was consumed at the rate of 15 grams of nitrate 
per 100 pounds of animal. Using a sodium nitrate 
drench at several levels of nitrate, however, the level 
LD,» for dairy cattle was 10 to 15 grams of nitrate per 
100 pounds of animal. The reason that nitrate given 
as a drench causes death at a much lower level than 
nitrate in forage is related to the ability of the rumi- 
nant animal to dispose of small quantities of nitrate 
and nitrite. At low concentrations, the nitrate and 
nitrite in the rumen is converted to microbe protein 
useful to the animal or is eliminated as waste. At high 
concentrations of nitrate and nitrite in the rumen, the 
nitrite is absorbed into the blood (figure 5). Then the 
harmful effects of methemoglobin and nitrite cause 
death or other injury to the animal. 

Because the level of 15 grams of nitrate per 100 
pounds of animal seemed to be far too low an estimate 
of the level LD, of nitrate in forage, further feeding 
trials with dairy cattle were undertaken. A group of 24 
yearling dairy heifers was fed hay with several levels 
of nitrate. A concentrated solution of sodium nitrate 
was spraved on the hay and thoroughly mixed to pro- 
duce forage containing the desired levels of nitrate. 
This technique was used because of the practical dif- 
ficulty of growing forage at a desired level of nitrate. 
Seven experiments had shown that the same level of 
methemoglobin was formed in dairy cattle from ni- 
trate in hay and from the same quantity of nitrate 
sprayed on hay containing no nitrate. It was found 
that as the level of nitrate sprayed on the hay was in- 
creased, the level of methemoglobin in the blood in- 
creased (figure 8). At a level of 45 grams of nitrate per 
100 pounds of animal, 50 percent of the total hemo- 
globin of several animals was converted to methemo- 
globin, and the animals were in such bad condition 
that an antidote of methylene blue was necessary to 
prevent death. Other experiments showed that dairy 
cattle were very near death when methemoglobin was 
50 percent or greater. It was concluded, therefore, that 
45 grams of nitrate per 100 pounds of animal was an 
estimate of the level LD,» of nitrate in forage. This 
estimate was made without killing a large number of 
animals. A precise estimate requires the death of many 
dairy cattle. For practical recommendations, 45 grams 
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Figure 8. The levels of methemoglobin in the blood of dairy 
cattle fed increasing doses of nitrate sprayed on hay. 
A—Death not observed below this level. The probability of death 
from 0 to A is very low. 
A to B—Death has not been observed in this range. The probability 
of death from A to B is only for an exception. 
B—The lowest level observed to cause death. The probability of 
death at B is only for an occasional animal. 
B to C—The frequency of death increases rapidly as the level of 
nitrate increases from B to C. 


C—Death has been observed at this level. The probability is that 
one-half of the Is that « nitrate at level C will die. 


of nitrate per 100 pounds of animal probably would 
cause the death of about half of the animals consum- 
ing that level (figure 8). A level of nitrate this high, 
of course, would never be a desirable cattle feed. 


Nutrition of the ruminant 

Experiments with dairy heifers to estimate the level 
LD; were all conducted with nitrate salts sprayed on 
forage. No concentrates were fed during these experi- 
ments. The heifers were fed only eight pounds of hay 
per day in order that all of the hay would be eaten. A 
small amount of grain had been fed during the weeks 
preceding these experiments. These animals, therefore, 
were not on a luxury ration. The ration was only 
mediocre and tended toward inadequacy. 

The type of bacteria in the rumen, and their ability 
to detoxify nitrate and nitrite is affected by the ration 
of the animal.’ Experiments with sheep in Sweden 
showed that maximum injury to the animal from ni- 


*Holtenius, Paul. Joc. cit. 
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trate administered by stomach tube occurred when they 
were fed an inadequate ration consisting solely of oat 
straw. Minimum injury from nitrate was observed 
when grain and molasses were added to the ration. 
The level of methemoglobin in dairy heifers was ob- 
served to behave similarly because of the ration of the 
heifers in feeding experiments at Cornell (figure 9). In 
fact, high levels of protein depressed the level of 
methemoglobin more than did high energy feeds (fig- 
ure 9). These cattle received the high levels of carbo- 
hydrate and protein concentrate during the day when 
nitrate was fed and also for several days preceding. 
More data are needed to define accurately the effects 
of diet on methemoglobin formation in cattle. Mean- 
while, it is speculated that the methemoglobin re- 
sponse from doses of nitrate is merely initiated at a 
higher dose of nitrate by shifting from an inadequate 
to an optimum ration (figure 10). The S-shaped re- 
sponse of methemoglobin to doses of nitrate is prob- 
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Figure 9. Protein decreased the formation of methemo- 
globin by nitrate. 
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Figure 10. The speculated reaction of cattle blood to in- 
creased doses of nitrate in forage with inadequate and 
optimum rations. 


ably similar for an inadequate and an optimum ration. 
The estimated LD;, of 45 grams of nitrate per 100 
pounds of animal is an intermediate value (figure 10). 
This intermediate value is probably conservative for 
practical conditions, but it is important to realize that 
greater or less injury could occur with widely different 
rations for the ruminant animal. 


Practical recommendations for 
lethal levels of nitrate 

From the practical point of view, the farmer needs 
to know what level of nitrate can be present in forage 
without death occurring to the animals that eat it. 
Feeding trials with dairy cattle on a ration typical for 
New York farms showed that a significant increase in 
methemoglobin did not occur at levels of nitrate in 
forage up to 15 grams of nitrate per 100 pounds of 
animal (figure 8). Death probably will never result if 
dairy cattle are fed less than 15 grams of nitrate per 
100 pounds of animal. Furthermore, a sharp increase 
in methemoglobin did not occur until levels greater 
than about 25 grams of nitrate per 100 pounds of ani- 
mal were fed to dairy cattle (figure 8). Death of dairy 
cattle might never occur until levels greater than 25 
grams of nitrate per 100 pounds of animal are reached. 
It is impossible, however, to predict the exception to 
the rule. 

In feeding trials at Wyoming (1940) a 350-pound 
calf was fed 11 pounds of hay containing 2.58 percent 
nitrate. This was equal to a level of about 23 grams 
of nitrate per 100 pounds of animal. This calf became 
weak, but recovered and lived. In all of the dairy cattle 


*Bradley, W. B., Eppson, H. F., and Beath, O. A. Livestock 
Poisoning by Oat Hay and Other Plants Containing Nitrate. 
Wyoming Agr. Expt. Sta. Bul. 241, 1940. 
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feeding trials at Cornell, the lowest level of nitrate at 
which an animal died was 31.8 grams of nitrate per 100 
pounds of animal, fed as oat hay containing 4.24 per- 
cent nitrate. These feeding trials show that death of 
cattle can occur at levels of nitrate in the range of 30 
grams of nitrate per 100 pounds of animal. In the 
range from 15 to 30 grams of nitrate per 100 pounds 
of animal, the probability of death is small and would 
represent the exception (figure 8). 


Sublethal injury from nitrate 

Abortion. Large numbers of cattle were reported 
to have died in the Great Plains area (1930-1940 and 
1954-1959) from nitrate in forage; there also were re- 
ports of abortion from nitrate. Because it appears that 
the harm from nitrate comes through formation of 
methemoglobin, it has been suggested that a fetus can 
be killed by the resulting lack of oxygen, yet the 
mother may survive.!® Conclusive evidence for abor- 
tion from nitrate was not established until experi- 
menters at Wisconsin' produced abortion by placing 
9.4 grams of nitrate per 100 pounds of animal (as po- 
tassium nitrate salt) into fistulated dairy cattle. This 
does not mean that abortion of dairy cattle will occur 
when 9.4 grams of nitrate per 100 pounds of animal is 
consumed as nitrate in forage. At present there is 
neither experimental data for the level of nitrate in 
forage that will cause abortion, nor a knowledge of the 
factors such as stage of gestation that may affect abor- 
tion from nitrate. However, the clinical cure for abor- 
tion on Wisconsin farms from weeds high in nitrate 
was shown to be removal of weeds with herbicides and 
fertilization with phosphorus and potassium to en- 
courage beneficial forage species.’ 

Milk production loss. A small loss in milk produc- 
tion of dairy cattle was reported to occur from nitrate 
administered by stomach tube or in gelatin capsules at 
the Missouri Experiment Station.’ A loss in milk pro- 
duction occurred at several levels of nitrate consump- 
tion; the highest was 15 grams of nitrate per 100 
pounds of animal (administered by stomach tube). 
With forage containing nitrate, which the cattle con- 
sumed at a level of 25 grams of nitrate per 100 pounds 
of animal, there was no loss in milk production of 
dairy cattle in experiments at Cornell. If such a loss 
in milk production can occur, the level of nitrate in 
forage and other factors that will cause this loss have 
not yet been established. 


Bradley, et al. 1940. loc. cit. 

“Simon, J., et al. J.A.V.M.A. 135:311-314, 1959. 

“™S§und, J. and Wright, M. Agron. J. 49:278-279, 1957. 

“Stewart, G. A., and Merilan, C. P., Missouri Research Bul- 
letin 650, 1958. 


Factors that infivence injury from nitrate 

The degree of injury to ruminants from nitrate in 
forage depends on at least three major factors: the 
concentration of nitrate in the forage; the total quan- 
tity of nitrate consumed; and the speed of intake of the 
toxic forage. Although it is often reported as percent- 
age of potassium nitrate in the dry matter, it is more 
valid to express the concentration of nitrate in the for- 
age as percentage of nitrate in the dry matter of the 
forage because nitrate in the plant is found as a sepa- 
rate unit and not as the compound potassium nitrate. 
The concentration of nitrate in the forage is of little 
importance if the animal consumes only a small quan- 
tity of that particular forage. The total quantity of 
nitrate-containing forage that is consumed, or the total 
quantity of nitrate consumed, is of much greater im- 
portance than the concentration of nitrate in the for- 
age. For example, a concentsation of five percent ni- 
trate in forage is a lethal level (LD;,) only when the 
animal consumes about two pounds or more of hay 
per 100 pounds of animal (table 2). In practical terms, 
a 1,000-pound animal must consume about 20 pounds 
of dry matter of forage containing a concentration of 
five percent nitrate to have consumed enough nitrate 
for a lethal level (LD59)—45 grams of nitrate per 100 
pounds of animal (table 2). 

To illustrate further the relation between concen- 
tration of nitrate and total quantity of nitrate con- 
sumed, a level of LD59 for nitrate in forage could be 
consumed by cattle at several concentrations of nitrate 
in the forage (table 3). In other words, a cow could die 
from nitrate in forage at several concentrations of ni- 
trate depending on how much forage was eaten. It is 
impossible, therefore, to state that a given concen- 
tration of nitrate in forage will cause death or a loss 
in animal production. The farmer must consider both 
the concentration of nitrate and the pounds of forage 
eaten (total quantity of nitrate consumed). 

The speed of intake of forage, or the time it takes 
an animal to eat its forage, also affects the degree of 


Table 2. Concentration of nitrate and total quantity of 
nitrate consumed—illustrated by intake of nitrate when 
hay containing 5 percent NO;~ is fed at various rates. 


Grams of per 100 
pounds of animal * 


Pounds of hay per 100 
pounds of animal 


0 
5 
0 
5 
0 


*28.4 grams = 1 ounce. 


j 
ane 
0. . 
11.4 
22.7 : 
34.0 
45.4 
56.7 
68.0 
4 


Table 3. Various concentrations and total quantities of 
nitrate in forage that would equal a lethal level of 
LD; at 45 grams of nitrate per 100 pounds 
of animal. 


Pounds of forage intake (as 
Concentration of nitrate in D.M.) per 100 pounds 
dry matter of forage of 


injury of the animal from nitrate in forage (table 4). 
Under practical feeding conditions it also has been 
observed that injury (from methemoglobin) is much 
greater when an animal consumes nitrate in forage 
rapidly than when it is consumed slowly. Results of 
experiments in which nitrate is consumed in a very 
short time (in a drench, a capsule, or fed with grain), 
are much different from results of experiments with 
nitrate in the forage (hay, pasture, silage). A much 
lower estimate of a toxic level is obtained by experi- 
ments with nitrate fed as a drench, a capsule, or in 
grain than is actually true for forage. And, as pointed 
out earlier, nitrate is found in forage only, and not 
in grain. 

Injurious effects such as loss of milk production, 
abortion, and death were not found in experiments 
with dairy cattle conducted at Cornell at levels of 
nitrate in the forage claimed to be injurious in popu- 
lar journals and at other experiment stations. Al- 
though feeding nitrate as a salt has been shown to 


produce abortion, conclusive evidence for abortion, 
loss in milk production, and loss in body weight has 
not yet been found by experiments with nitrate in 
forage. In addition, the level of nitrate in forage that 
will cause these injurious effects has not yet been 
established. Preliminary data indicated that this level 
probably would be greater than 15 grams of nitrate 


Table 4. Conclusions from animal feeding experiments are 
affected by the speed of intake of nitrate. 


Rapid speed of intake 
of nitrate Slow speed of intake 
Experiment (administered by of nitrate (fed in hay, 
drench, capsule silage or pasture) 
or grain) 


15 grams of nitrate 
per 100 pounds death no death 
of animal 


10 grams of nitrate 
per 100 pounds small loss in milk no loss in milk 
of animal production production 


per 100 pounds of animal and less than 45 grams of 
nitrate per 100 pounds of animal for animals used in 
these pilot experiments. 

The practical significance of studies on injury to 
animals from nitrate is: 


1) Sudden death is possible if extremely high con- 

centrations of nitrate (two to five percent nitrate 
of dry matter or greater) are present in forage 
that forms the principal feed for an animal. No 
deaths have been reported in New York State, 
but many deaths have occurred in states where 
lower rainfall during the growing season is typi- 
cal. The nitrate content of forages analyzed in 
New York over a five-year period has never 
reached concentrations likely to be lethal. There- 
fore death of animals from nitrate in forage is 
expected only under unusual conditions such as 
severe drought, nitrogen fertilization far beyond 
recommended levels for an economic return, low 
light intensity (shade, clouds), or the presence of 
large quantities of weeds or forage species un- 
usually high in nitrate. 
Animal production losses may occur at sub-lethal 
levels. Reports of production losses in New York 
have been few and very inconclusive. Further 
work is necessary to conclude that production 
losses can occur under New York conditions and, 
if this is found to be true, the level of nitrate 
necessary to cause such losses needs to be estab- 
lished. Preliminary short time experiments did 
not show milk production losses or abortion even 
at 25 grams of nitrate per 100 pounds of animal 
(fed as 2.5 percent nitrate of the dry matter) and 
this level of nitrate is much higher than will be 
likely to occur with recommended rates of nitro- 
gen fertilization. Therefore, the recommended 
fertilization and cropping practices for highest 
economic return are still encouraged. 

3) Measures that are recommended are: 
Education—learn the conditions under which 
nitrates will accumulate in forage and the effect 
of nitrates on animals. 

Prevention—watch for unusual conditions such 
as drought when nitrate toxicity may occur. 
Caution—do not feed forages suspected of being 
injurious. If any forages are known by chemi- 
cal analysis to contain injurious levels of nitrate, 
dilute them with forages having very low levels 
of nitrate. 

Advice—when in doubt about nitrate problems 
consult a veterinarian, county agricultural 
agent, or your experiment station. 


10% 1.0 
5% 2.0 
4 3% 3.3 a 
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Nitrogen 


Nitrogen 


Nitrate 


Nitrite 


Nitric oxide 


Nitrogen dioxide 


Nitrogen tetroxide 


Oxyhemoglobin 


Methemoglobin 
(pronounced met’-hemo-globin ) 


Lethal Dose 0 


Lethal Dose 50 


Lethal Dose 100 


Chemical 
Symbol 


Component Atoms 
N 
Element 


Definition or Description 


{A chemical element which can combine with 


(not occuring |other elements to form compounds, some useful 


naturally) 


Gas 
(occurs in 
nature) 


Solid 
or 
In Solution 


Solid 
or 
In Solution 


Large mole- 
cule within 
red blood cells 
GLOBIN 


Large mole- 
cule within 
red blood cells 


LDso 


|and others dangerous to the farmer. However, 
‘nitrogen does not occur in nature simply as the 
| uncombined element “‘N”’. Two atoms of nitrogen 
(N) can combine to form molecules of nitrogen 
|(Ne), a relatively inert gas which makes up 80 
{percent of the air we breathe. 


A chemical compound of 1 atom of nitrogen and 
3 of oxygen. One of the commonest sources of 
nitrogen in fertilizers such as ammonium nitrate 
and sodium nitrate (nitrate of soda). Plants take 
up nitrogen from the soil largely in the form of 
nitrate and use it to build proteins, 


A chemical compound of 1 atom of nitrogen and 
2 of oxygen. It can form by the loss of oxygen 
from nitrate. Because it is very unstable, it is 
usually found only in trace quantities in soil and 
plants. Nitrite rather than nitrate is the compound 
that causes methemoglobin to be formed in the 
blood of animals. 


A chemical compound of 1 atom of nitrogen and 1 
atom of oxygen which occurs as a colorless gas. 
Nitric oxide is one of the deadly gases that may 
be produced during the ensiling process when 
nitrate is present in forage. 


A chemical compound of 1 atom of nitrogen and 2 
of oxygen which occurs as a poisonous red-brown 
gas with an irritating odor resembling a bleaching 
compound. Nitrogen dioxide is formed instan- 
taneously when the colorless gas nitric oxide com- 
bines with oxygen from the air. 


A chemical compound of 2 atoms of nitrogen and 
4 of oxygen which occurs as a poisonous yellow 
gas with an irritating odor resembling a bleaching 
compound. This yellow gas, nitrogen tetroxide, is 
formed when the red-brown gas nitrogen dioxide 
undergoes cooling. A mixture of both gases can be 
found in the silo when the colorless gas, nitric 
oxide, contacts oxygen in the air. 


The red pigment in the red blood cells which 
carries oxygen from the lungs to the tissues. 


A red-brown pigment formed in blood when 
hemoglobin is changed by reacting with com- 
pounds such as nitrite. Methemoglobin is not 
capable of carrying oxygen from the lungs to the 
tissues and an animal may die from a lack of 
oxygen if the level of methemoglobin becomes ex- 
cessive. Methemoglobin is changed slowly back to 
hemoglobin by a natural process in animals. 


The maximum dose of a toxic substance such as 
nitrate which animals can consume without death 
occurring. 


The dose of a toxic substance that will cause 50 
percent of the animals consuming that dose to die. 


The minimum dose of a toxic substance that will 
cause the death of every animal consuming that 
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